Abstract Chikungunya virus (CHIKV), an arbovirus transmitted by Aedes mosquitoes, causes a disease characterised by fever, headache, skin rash, myalgias and severe arthralgias: the latter can persist for years. Following the first report in Africa in 1952, sporadic epidemics have been registered in Africa and in Asia before 2000. Since 2005, huge outbreaks have been reported, caused by globalisation (increasing displacement of humans and mosquitoes) and by an evolutionary success related to the adaptation of CHIKV to the mosquito vector: Therefore, CHIKV spread also in Europe, Oceania and the Americas. In endemic areas, seroprevalence studies could contribute to early detection of epidemics and to have a real picture of the burden of this disease. In temperate areas where Aedes aegypti and/or Aedes albopictus are present, CHIKV control measures require surveillance of imported and autochthonous cases, rapid diagnosis to detect local outbreaks and entomological surveillance.
Introduction
Chikungunya virus (CHIKV) is an arbovirus transmitted by mosquitoes, mostly Aedes aegypti and Aedes albopictus. The virus probably originated in Africa, where it can still be found in non-human primates [1, 2] , and presumably spread from Africa to Asia and to Americas two or more centuries ago. A relevant outbreak was registered in Batavia (now Jakarta) in 1779 and pandemic involving parts of the Western Hemisphere occurred in the 1820s, presumably via sailing ships that carried Ae. aegypti mosquitoes [3] . Other historical outbreaks attributed to dengue virus (DENV) could have been caused by CHIKV [3] . The virus was first isolated in 1952 in a febrile patient during an outbreak on the Makonde Plateau, Southern Tanzania [4] . For a long time, the word BChikungunya^was erroneously thought to derive from Swahili, while in reality the name originated from the Makonde language, spoken by an ethnic group living at the border between Southern Tanzania and Northern Mozambique. Chikungunya derives from the root verb Bkungunyala^, meaning Bto become contorted^or Bthat which bends up^ [5•] .
CHIKV (family Togaviridae, genus Alphavirus) belongs to the Semliki Forest antigen complex that also includes Ross River virus, Mayaro, O'nyong-nyong virus, Getah, Bebaru and Semliki Forest virus [6] . Genetic analysis of the envelope glycoprotein sequences showed three different strains: the West African cluster, the East-Central and South African cluster (ECSA) and the Asian cluster [1] ; to date, no differences in virulence between the three different lineages has been reported in humans [7] . CHIKV epidemics are characterised by sudden outbreaks alternating with periods of quiescence that can last for years or decades. Following the first report in Africa in 1952, sporadic epidemics have been registered in that continent and in Asia before 2000. Since 2000, huge outbreaks have been reported, caused by globalisation (increasing displacement of humans and mosquitoes) and by an evolutionary success related to the adaptation of CHIKV to the mosquito vector [8] . The first wave, started from Kenya in 2005 [9] , affected African and Asian countries bordering the Indian Ocean, several islands of the latter and caused autochthonous cases also in continental Europe (Italy 2007 and France 2010) [10, 11] and Oceania (2011) [12] . The second wave, started in 2013 in Saint Barthélemy and still ongoing in 2014 [13••, 14] , is responsible for several epidemics with autochthonous cases in North, Central and South America [15] . Currently, CHIKV is present in all continents, but Antarctica (Fig. 1) .
CHIKV disease is usually characterised by fever, headache, skin rash, myalgias and severe arthralgias, after an incubation period ranging from 1 to 12 days, with an average of 2-4 days [6] . Asymptomatic subjects are estimated to account for 3 to 25 % of the infected people. Arthralgia, the main and most disabling symptom, is usually symmetrical and involves fingers, wrists, elbows, ankles, knees and toes [6] . The affected joints may be swollen. The symptoms may resolve in 1 or 2 weeks, but a large proportion of patients (with an agerelated trend) complains of persistent arthralgias. Sissoko et al. reported recurrent episodes of polyartrhalgia in 57 % of the patients, lasting up to 15 months after the infection [16] . Joints already affected by underlying disorders such osteoarthritis are particularly susceptible [6] . Neurological complications, although rare, are also reported and include encephalopathy, Guillain-Barré syndrome and acute flaccid paralysis [17, 18] . The case-fatality rate for CHIKV is about 1 in 1000 [19, 20] ; most of the deaths have occurred in newborns, elderly people and adults with underlying disorders such as hypertension, cardiovascular or respiratory conditions [21] .
The diagnosis of CHIKV is based on direct and indirect methods. The detection of CHIKV-RNA, based on detection of viral nucleic acid in serum samples by reverse-transcriptase PCR, results positive during the first week after symptom onset (viremic phase) and has an excellent sensitivity and specificity [22] . The indirect methods are based on antibody detection: Anti-CHIKV antibodies can be usually detected 5 days after symptom onset for IgM and a few days later for IgG [7, 23] . False positive and false negative results are possible, due to cross-reactivity with other viruses of the same family and to mixed cryoglobulinemia induced by CHIKV, respectively [7, 24] .
There is no specific treatment, vaccine or preventive drug for CHIKV. Management is limited to painkillers and nonsteroidal anti-inflammatory drugs. Fever is usually high and poorly responsive to antipyretics. Aspirin should be avoided because of the risk of bleeding, and corticosteroids are not recommended, either, because of the strong rebound effect after stopping [7] .
Vectors and Reservoir
Before 2000, only two epidemiological profiles of transmission of CHIKV were described. The first one is the classical African sylvatic cycle that involves several arboreal Aedes mosquitoes species as vectors (Ae. africanus, Ae. camptorhynchites, Ae. dalzieli, Ae. fulgens, Ae. furcifer, Ae. luteocefalus, Ae. vigilax and Ae. vittatus) and non-human primates as reservoir/amplifying hosts [6, 25] . Some reports from Nigeria and Uganda indicate that Mansonia spp. mosquitoes, too, can transmit CHIKV [26] . The African Ae. furcifer, probably the principal enzootic vector, can also enter human villages and is presumably responsible for the transmission of the virus from monkeys to humans [27] . Occasional, small epidemics in rural areas resemble the pattern of sylvatic yellow fever and cause little impact on public health [7] . Some animals (birds, monkeys and rodents) are the reservoir of CHIKV during inter-epidemic periods, while humans constitute the main reservoir during outbreaks. The classical Asian epidemiological profile is characterized instead by focal urban outbreaks caused by anthropophilic mosquitoes, mainly Ae. aegypti, as observed in DENV. The urban human-mosquitohuman transmission cycle relies on the anthropophilic vectors Ae. aegypti and/or Ae. albopictus [25] . Mosquitoes themselves seem to be the main reservoir. Recent experimental studies confirmed the possible vertical transmission of the virus in Ae. aegypti from India, indicating a plausible survival mechanism of CHIKV during inter-epidemics periods [28••] .
The cornerstone of the recent history of CHIKV was an adaptive mutation, alanine-to-valine substitution at position 226 in the E1 glycoprotein gene (E1:A226V), on an ECSA-CHIKV strain circulating in Reunion Island after September 2005 [8] . This enhanced the replication and transmission of CHIKV by Ae. albopictus, without affecting the vectorial capability of Ae. aegypti [29] . This new descendant of enzootic ECSA strain was named Indian Ocean lineage (IOL) [8] . IOL caused a third epidemiological profile characterised by explosive urban outbreaks both in tropical and in temperate countries [7] . So, if before 2005 Ae. albopictus could only occasionally transmit CHIKV, after 2005 this mosquito has become an excellent vector and this virus has become a threat for large parts of the world.
The behaviour of Ae. aegypti is suitable to cause massive urban outbreaks, because adult females prefer to feed on humans, take several blood meals during a single gonotrophic cycle, ovoposit in artificial containers and rest inside the houses [30] . Ae. albopictus, native of South-East Asia, is aggressive, silent, active all-day long, can survive cold winters and has a lifespan longer than other mosquitoes (up to 8 weeks) [25] . Moreover, it exclusively feeds on mammalian hosts with over 90 % of blood meals derived from humans [31•] . In the last decades, climate changes (increasing temperatures, rainfall and humidity) and tyre exportation have caused new introduction of this mosquito to several, previously unaffected temperate areas, such as Europe and North America [25] .
Epidemiology of CHIKV by Continent
We will outline below the main characteristics of CHIKV transmission, following the chronology of its appearance in the different continents, from Africa up to the most recent emergence in the Americas.
Africa After its first isolation in Tanzania in 1952 [4] , cases of CHIKV were reported in several countries of sub-Saharian Africa between 1952 and 2000 [7] . Outbreaks were reported in Nigeria [32] , Central African Republic [33] , Uganda [34] , Angola [35] , Namibia [36] , South Africa [37] , Burundi [38] and Malawi [39] . The two different responsible strains were the West African cluster and the ECSA. Between 2000 and 2013, outbreaks or sporadic cases were reported in 2000 in the Democratic Republic of Congo [40] , in 2006 in Cameroon [41] , in Gabon [42] and in Guinea [43] , in 2011 in the Republic of Congo [44] and in 2013 in Sierra Leone [45] , while a recent study suggests endemic circulation of CHIKV in Tanzania [47] . The outbreaks in Grande Comore Island and Reunion were particularly massive, considering that they involved, respectively, 65 and 35 % of the total population of these islands [48, 49] . Moreover in 2005, in reunion, the above mentioned mutation of ECSA occurred [8] , and the new strain IOL caused important outbreaks in other continents.
Asia Until 2005, only CHIKV Asian cluster, mainly transmitted by Ae. aegypti, was circulating. Its first appearance was in Philippines in 1954, with subsequent outbreaks in following years [50] . In 1963, CHIKV was detected for the first time in India [51] . In the 1970s, outbreaks or sporadic cases were reported in Southern and South-East Asia: Thailand, Sri Lanka, Vietnam, Pakistan, Cambodia, Laos and Myanmar [6] . Subsequently, incidence decreased in, with sporadic cases only. Between 1982 and 1985, the virus spread in Indonesia (South Sumatra, Java, Kalimantan, Sulawesi, Timor, Nusatengarra, Mollucas Islands and Iran Jaya) [6] and in the 1998 in Malaysia [52] . In the latter country, a new epidemic caused by CHIKV Asian cluster was reported in 2006 [53] . In the same year, the arrival of IOL from the Indian Ocean caused several outbreaks, transmitted by both Ae. albopictus and Ae. aegypti. In 2006, in India, a huge outbreak of IOL was reported, involving more than 1.39 million cases across ten states [54] . Subsequently, IOL caused epidemics in 2008 in Malaysia [55] , Thailand [56] and Singapore [57] ; in 2010 in China (Guandong province) [58] and Myanmar [59] ; in 2011 in Cambodia [60] , in 2012 in Bhutan [61] , in Yemen [62] and in 2013 in Nepal [63] .
Europe Autochthonous transmission has been first documented in 2007 in Italy, with an epidemic causing more than 200 cases (Emilia-Romagna Region) [10] . A seroprevalence survey carried out the following year reported an attack rate of 10 %. Only 18 % of infected people resulted completely asymptomatic [64] . In 2010, two cases were detected in France (Department of Var) [11] . In both countries, transmission was caused by Ae. albopictus, the index case was a viremic traveller coming from the Indian subcontinent and the CHIKV strain was IOL. Field observations conducted during the spring of 2008 showed no evidence of infected overwintering progeny produced by Ae. Albopictus females infected during the 2007 outbreak in Italy [65] . Since its introduction at the end of the twentieth century, Ae. albopictus has become well established in large parts of Southern Europe [66] ; therefore, several countries are at risk of introduction of CHIKV, mostly in the Mediterranean area. Transmission in this area seems to be only possible during the warm seasons. The vector is spreading to new areas, as reported in France [67, 68] , where a recent study confirmed the high efficiency of temperate Ae. albopictus to transmit CHIKV [69•] . Mainland France is particularly at risk for introduction of CHIKV because of the huge number of travellers to and from its tropical departments located in Indian and Pacific Ocean and in the Caribbean sea.
Oceania The Oceania region, including Australia, New Zealand, Papua New Guinea (PNG) and the islands of the tropical Pacific Ocean, had never reported cases of CHIKV until February 2011 [70] , when the virus caused an outbreak in New Caledonia [12] . During this epidemic, only 33 human cases were detected, due to effective public health measures and to the arrival of the cold season [70] . The vector involved in the transmission was Ae. aegypti and the strain was the Asian lineage. In June 2012, a new outbreak of CHIKV with more than 1500 cases was reported in Vanimo, PNG [71] . Subsequently, CHIKV spread to other eight provinces of PNG. The vector involved was Ae. albopictus and the strain was IOL. In 2013, an Asian cluster was responsible for a new outbreak in New Caledonia and in Yap State [72] . In 2014, epidemics are reported in Tonga, American Samoa, Samoa and Tokelau [72] . In Oceania, Ae. aegypti is present in all Pacific islands, except for New Zealand, Futuna and some small other islands [70, 73] . Ae. albopictus, that reached Oceania in the 1960s, is present in PNG, Australia (Torres Strait region), Fiji, Solomon, Tonga and probably Vanuatu [73] .
In Queensland (Australia), imported cases from PNG were reported in 2013 and the presence of Ae. albopictus suggests the possibility of autochthonous transmission [72] . In New Zealand, at the moment neither Ae. aegypti nor Ae. albopictus is present, but the presence of the mosquito Coquillettidia iracunda, an aggressive human biter closely related to an efficient laboratory vector of CHIKV, constitutes a potentially threat [74] .
Americas In November 2013, the first autochthonous cases of CHIKV in the Americas were reported. Five residents of Saint Martin, a French Caribbean island, reported fever followed by severe joint pain and resulted positive to CHIKV [13••] . Subsequently, between the end of 2013 and 2014, CHIKV spread to several Caribbean islands (Guadaloupe, Martinique, Saint Barthélemy, Dominican Republic, St Kitts and Nevis, St Vincent) and French Guiana, causing more than 17,000 cases [75, 76] . The Caribbeans are an area with frequent connecting flights among the islands and to mainland America and Europe, considering that more than 10 million international visits are reported each year by WTO, of which 25 % from Europe [77] . In fact, in 2014, a significant increase of CHIVK imported cases from the Caribbeans was reported in France and in Spain [68, 78] . Local transmission of CHIKV in the Caribbeans was very effective. The initial reproduction number (mean number of secondary cases generated by an index case) ranged from 1 to 4 [79] . Therefore, this large outbreak of CHIKV quickly spread to several areas where the vectors were present. The two first autochthonous cases in continental USA were reported in Florida in July 2014 [80•] . Until October, 777,069 autochthonous cases of CHIKV were detected in the Americas, according to Pan American Health Organization (PAHO) [15] . Autochthonous cases were reported in North America (USA and Mexico), Central America (Costa Rica, Nicaragua, Guatemala and Panama), Latin Caribbean (Cuba, Dominican Republic, French Guiana, Guadaloupe, Martinique, Puerto Rico, Sain t B ath ele my an d S ai n t M a r t i n ) , n o n -L a t i n Caribbeans (Antigua and Barbuda, Aruba, Barbados, Cayman Islands, Dominica, Jamaica, Montserrat, Suriname, Trinidad and Tobago and US Virgin Islands), Andean Area (Colombia, Ecuador and Venezuela) and Southern Cone (Argentina and Brazil) [15] . Sequence analysis demonstrated that this American outbreak is due to an Asian cluster of CHIKV, phylogenetically related to the Asian genotype strains recently circulating in Indonesia, China and the Philippines [14] . Vega-Rua studied the transmission efficiency (TE) of Ae. aegypti and Ae. albopictus, analyzing mosquitoes collected across the entire American continent and representing diverse climates, environments and ecotopes [81••] . The results are alarming, considering that the TE for all three CHIKV genotypes tested were 83.3 % for Ae. aegypti and 96.7 % for Ae. albopictus. So, both mosquitoes are highly competent to transmit CHIKV irrespective of the viral genotypes tested [81••] . Because of there is no population immunity to CHIKV in Americas and considering the similarities between DENV and CHIKV, DENV might provide the best predictive model for the expected number of cases in the USA [82•] . In 2013, 2.4 million cases of DENV were reported in the Americas, including 773 travel related and 49 locally transmitted cases in the continental USA [82•] . Considering that DENV is frequently asymptomatic and CHIKV is asymptomatic in less than 20 % of the cases, the number of CHIKV cases could be much higher [80•] . Moreover, because of the inflammatory response during an alphavirus infection in the joint is very similar to that in rheumatoid arthritis, Burt et al. predict that CHIKV infection might lead to exacerbation of underlying rheumatoid arthritis and other joint pathologies, so increasing the impact of CHIKV on the morbidity [83] .
Surveillance in Tropical Areas
Surveillance of a specific disease, or group of diseases, is justified if targeted to appropriate actions.
In the case of CHIKV, no specific treatment is available, and therefore the clinical outcome is marginally, if at all, influenced by early detection. Control measures, on the other hand, are unlikely to abort an outbreak, at least in tropical areas where vector activity is all-year long. As is also true for DENV, that is transmitted by the same vectors, once an epidemic has started vector control measures are unlikely to significantly influence the epidemic curve. Moreover, a vaccine is not available. However, the prompt detection of a new outbreak would be crucial and should be combined, precisely, with the surveillance of DENV, that is also similar in clinical presentation and causes a major burden to public health. The geography of the two infections is very much the same, too, now that CHIKV has massively penetrated the American continent. Besides, DENV and CHIKV, undifferentiated febrile illnesses are common in people living in tropical areas of Africa, Asia, Oceania and America. The symptoms and differential diagnosis of these diseases are often similar and make accurate clinical diagnosis difficult without laboratory confirmation [84•] . The latter is therefore essential at the onset of a new epidemic, as well as during inter-epidemic periods. PCR or serology for CHIKV are often unavailable in low-income areas, making it impossible to distinguish CHIKV from other diseases and early detect a new outbreak. Clinical suspicion should be raised in case of fever and important joint pain, after ruling out, wherever indicated, malaria (thick film or rapid diagnostic tests (RDT)), DENV (NS1 antigen and IgM-IgG RDT) and other febrile conditions if possible. During interepidemic periods, serosurveys are rarely performed, thus missing an important opportunity to better understand CHIKV circulation [85] . However, some examples of active surveillance are reported. A study carried out in five South Asian countries to detect dengue and other causes of febrile diseases in children in inter-epidemic period reported that CHIKV was the most common one, accounting for 35 % of all fevers [84•] . In Africa, seroprevalence studies performed in Kenya and Tanzania proved the endemic circulation of CHIKV, causing an important public health burden [46•, 85] .
High resource health care systems in tropical areas have developed specific surveillance strategies. The Pacific Public Health Surveillance Network has planned a surveillance including efficient case detection and management, laboratory confirmation, vector control and breeding site elimination, as well as information and communication strategies [72] : in some Caribbean Islands, public education was promoted through radio spots, television, distribution of flyers and poster with prevention messages readily available in public areas, airports, hospitals and clinics [75] .
Surveillance in Non-Endemic Areas
In Europe, CHIKV outbreaks might occur if a viremic traveller enters areas where the vector is present and environmental conditions are suitable for the transmission of the virus [86] . Tilston et al. defined as high priority surveillance zones those where the vector has the potential to overwinter, and seasonal temperatures favour the development of adult Ae. Albopictus and viral transmission. They concluded that CHIKVepidemics can occur mostly where/when average monthly temperatures exceed 20°C. In the Northern Hemisphere, the most probable period is between June and September, as happened in 2007 in Italy [10] when the outbreak started in June (mean monthly temperature around 22°C) and subsided in September when the temperatures fell below 20°C [86] . In Europe, the countries considered at higher risk so far are France and Italy, receiving a large number of potentially viremic visitors each year [86] . Spain should be probably added, as the ongoing outbreak in the Americas caused a sharp increase of the imported cases of CHIKV recorded in 2014 in that country, as well as in France [80•, 68] . In the Americas, CHIKV is expected to remain endemic in the tropical areas. Therefore, temperate areas with a seasonal presence of Ae. aegypti and/or Ae. albopictus are at risk during the warm season. CHIKV control measures require entomological surveillance, surveillance of imported and autochthonous cases and rapid diagnosis to detect local outbreaks [5•, 87] . The main objective of human surveillance is to increase the detection rate of imported CHIKV and DENV cases in travellers from endemic areas, including new immigrants and settled immigrants visiting relatives and friends (VFR), and to promptly identify potential autochthonous cases. Every febrile traveller from endemic areas should be promptly tested for malaria, DENV and CHIKV. According to the special surveillance of Bsummer fevers^in Veneto region, Northern Italy, every febrile (≥38°C) traveller recently returned from endemic countries, after malaria and other obvious causes of fever have been ruled out, is considered as a possible case of DENV or CHIKV [88] . For DENV, RDT with good sensitivity and specificity are available [89] : in case of positivity, the patient is considered a probable case and samples are sent to a referral laboratory for confirmation (PCR and viral isolation). Unfortunately, an antigen RDT is not available for CHIKVand the sensitivity of RDT (for detection of IgM and IgG) is poor, especially during the first few days of fever. In fact, a large proportion of confirmed CHIKV cases were missed by RDT [90] . A possible solution, according to a recent study [91••] , could be RT-PCR on driedblood spots collected on filter paper, to be promptly send to a reference laboratory. In the same region, the main objective of entomological surveillance is to detect DENVor CHIKV in Ae. albopictus vectors, in case a viremic human case is detected [92••] . Appropriate vector control measures are implemented within 200 m of the places visited by the patient during the likely viremic period. In case a locally acquired case is confirmed, active case finding is immediately started and entomological investigations, as well as vector control measures, are intensified. Information and education activities about personal protection and reduction of mosquito breeding sites should be an essential component of any DENV and/or CHIKV control programme [68] . Moreover, considering that the control of Ae. Albopictus is particularly difficult, requiring access to private yards and residences, homeowners are essential participants in the vector control process as was shown by a recent study [93] . Active education, using community peer educators, caused a 22.6 % reduction in container habitats in the intervention communities, compared to 32.3 % in control sites [93] .
Conclusions
The spread of CHIKV over the past decades is a good example of globalisation of pathogens. An originally Blocal^virus has gradually spread from one continent to another, until only a very small portion of our planet can be still considered free. Not a devastating illness in itself, recent studies since 2006 have shown nevertheless that fatal cases do occur, especially in, but not limited to, elderly patients and/or subjects with underlying, chronic clinical conditions. Moreover, the often long persistence of rheumatic pain, poorly responding to treatment, is a challenge. The need of effective surveillance systems allowing prompt detection of new outbreaks cannot be overemphasised and should not be limited to a given disease. CHIKV surveillance should be integrated in a broader surveillance of unexplained febrile illnesses, according to global and local epidemiology and considering, once again, that we live in a global village where many infections cannot be considered Bexotic^any longer.
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